Summary
Liquid-solid phase equilibria have been studied in the Ni-NiAlNi3Ta triangle of the Ni-Al-Ta system, using a combination of several experimental techniques.
Five primary phases occur in this region, including the ternary compound Ni6TaAl which enters into equilibrium with each of the other four.
Of the four invariant points, only one is a ternary eutectic.
Compositions previously studied in the form of directionally aligned composites have been shown to contain Ni6TaAl and not Ni3Ta.
The work was carried out as part of a more extensive program whose ultimate aim is the calculation of complex superalloy phase diagrams-In the case of the Ni-Al-Ta ternary system, it has been shown that the liquidus surfiace in the primary y-solid-solution phase field can be accurately described by a second order polynomial function of the atomic concentrations.
It is particularly desirable in the case of complex superalloy phase diagrams to be able to determine the limit of the primary y solid-solution solidification field, together with liquidus, solidus and y' -solvus temperatures.
Such thermodynamic calculations must take into account all possible phases and in this respect the data obtained on the ternary compound Ni6TaAl should prove to be an especially important contribution.
-Introduction
The progressive improvement in the temperature capability of turbine blades obtained over the past 40 years has been achieved to a major extent by a gradual increase in the volume fraction of the hardening phase, y', in nickel-base superalloys, together with processing innovations such as columnar-grain and single-crystal casting. The trend has been retarded by the associated rise i;n y' SO~VUS and concomitant decrease in solidus temperature, rapidly leading to the appearance of eutectic y'. Another method employed was to monitor solidification occurring under controlled conditions in the DTA furnace and to quench the specimen at a precise moment, either on attainment of the liquidus surface or the appearance of a eutectic.
Phase analysis
Phase analysis were carried out on an electron microprobe using accele-rating voltages of 10 kV for Al and 20 kV for Ni and Ta, with application of a ZAF correction'program.
In the case of phases present in the form of fine particles, semi-quantitative analyses were also performed on a scanning electron microscope equipped with a solid-state detector.
Following a method which has been described elsewhere (II), wherever the microstructure allowed, it was particularly endeavoured to analyse the dendrite cores. In effect, when a QDTA specimen is quenched as soon as the first cooling peak is observed, the first solid is already formed and will be situated at the centre of the dendrites in the solidified microstructure. Since both the :liquidus temperature and the liquid composition (that of the alloy)
are known, analysis of the first-formed solid enables a tie-line to be determined. This is important since the solidification path commences in a direction defined by the liquidus conode.
Phase identification
Phases were identified chiefly by X-ray diffraction of powdered samples. In a more limited number of cases X-ray diffraction was carried out by reflection on massive specimens, while other samples were investigated using elec tron diffraction on thin foils. Only in the latter case can the first-formed phase be identified unambiguou,sly.
After solidification at 300'C.h'I; certain alloys showed similar microstructures to those illustrated in figure la, whereas different primary phases were identified in QDTA specimens (alloys 10 and 41).
By careful micrographical examination of interdendritic regions it was also possible to determine the solidification path and to deduce the direction and the nature of the .univariant lines. This is illustrated in figure 2 for alloy 25, in which primary y' dendrites are surrounded by y + y' eutectic, whi1.e both Ni6'TaAl (n) and 6 phases are present in the light-etching interdendritic spaces. Figure 3 , which represents a transverse section of a QDS specimen of alltoy 13, is a further example and shows the convoluted morphology of the y + 71 + 6 ternary eutectic formed from the last liquid to solidify.
-Results
Five phases have been identified within the triangle Ni-NiAl-Ni3Ta ; Y, Y', 6, 6 and NigTaAl, which has been called T. (Table II) , J ( Fig. 5)  a) quenched from the liquidus b) and c) cooled at 300 K.h-1 Figure   3 -Scanning electron micrograph of alloy 13 (Table  II) , M (Fig.  5 ). Transverse section of QDS specimen. The discrepancy between the experimental values and those calculated from the above relation is less than 4K, which is the order of magnitude of the overall precision of the Liquidus measurements. Figure 5 represents the projection of the liquidus surface for the Ni-NiAl-Ni3Ta tri,angle. It shows the primary solidification fields for each phase. In the nic'kel-rich corner, an extensive y solid-solution region is bordered by three fields corresponding to the A3B phases y', 7~ and 6. Table III gives the ranges of composition determined for each of the primary phases and shows that the d-phase dissolves very little aluminium, while, the solubility of Ta in the P-phase is also small. On the contrary, y, Y' and n phases have considerable solubility ranges in the solid-Liquidregion.
It was not always possible to determine with certainty the nature of the univariant lines.
Most of them appear to be of the eutectic type. However the line ~1-4 apparently maintains its peritectic character up to the invariant point 4, while the line e3-3 may possibly become peritectic before reaching the junction 3. The nature of the invariant reaction is likewise uncertain except for point 2 which is clearly a ternary eutectic. The eutectic line between 13 and 6 falls away towards lower Ni contents and probably meets the Ni-Ta field, since this phase has been identified in the interdendritic spaces of certain alloys, such as no 62 and no 65. with the formation of the ternary eutectic 6 + r + y, whereas for alloys with lower Ni contents they end with a characteristic B + 6 eutectic, figure 6.
Figure 6 -Scanning electron micrograph of alloy 61 (Table II) , A (Fig. 5 ), cooled at 300 K.h-1
Most of the primary phases show signs of solid-state transformations. In the y phase, precipitation of y' with a typical cuboidal or dendritic morphology is common, while the v phase tends to form laths in certain preferred directions. Figure 1 shows both y' and v phases precipitated from the primary y. Laths of y have been identified in areas of primary r-phase and laths of 6 in primary B, the precipitation being of the Widmanstztten type.
4-Discussion and conclusions
The present work has shown the importance of combining several different techniques for the study of complex liquid-solid equilibria. Micrography and micro-analysis are essential, but great care must be taken in interpreting microstructures.
In particular, QDS and QDTA proved to be especially useful for avoiding misleading solid-state transformations.
The major difficulty encountered was the extreme flatness of certain parts of the liquidus surface. In these areas, transformation temperatures alone were of little help in determining the solidification sequences and had to be completed by a considerable amount of micro-analysis and phase identification.
The results are in overall agreement with the isothermal sections determined in the solid state by Nash and West (l) , essentially by X-ray diffraction studies.
In particular, the existence of a ternary compound, NigTaAl, has been confirmed.
However, its congruent melting point was found to be'L1400°C and not %1530°C as proposed by Mints et Al.(g) .
The formation of this phase , designated here as 71, was overlooked by Hubert and his co- 
